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学 位 論 文 内 容 の 要 旨  
 Prior to now there have been environment test standards suitable only for large 
and medium sized satellites that demand very high reliability. The existing standards are 
not suitable for micro/nano satellites that achieve low-cost and fast-delivery by using 
non-space qualified, Commercial–Off-The-Shelf (COTS) components extensively. There 
is a need of test standard to improve the reliability while keeping the nature of low-cost 
and fast-delivery.    
In Chapter 1 of this thesis, it is reviewing about research background and literature survey. 
At present, a large level of acceleration is applied to satellite units during the test, which 
has been derived by taking into account various safety margins. The bases of the margins 
are not always clear. In this regard, there is need to define the qualification test (QT) level 
the units have to pass to be sold as products for space use. Based on the literature study 
and identification of the problems associated with micro/nano satellite vibration testing, 
the authors set the aim of the thesis to define unit Qualification test(QT) test level for 
micro/nano satellites and to extrapolate the findings to other types of small satellites using 
a Finite element method. Two major issues are addressed in this thesis: vibration 
acceleration distribution analysis based on experiment and finite element method. These 
two parts of the work determine the Unit QT level identification of the micro/nano 
satellite environment testing standard. 
Chapter 2 addresses the experiment. The author used experimental results of two satellites, 
Dummy satellite and Hodoyoshi-3 satellite to obtain the acceleration distribution inside 
the satellites. The dummy satellite is a copy of 50kg-50cm nano-satellite that was made of 
basic satellite functions such as RF transmitter, PCU, battery and computer. The other 
units are made by dummy mass with heater inside the units.  The author measured at 18 
 points at dummy masses/units that were placed on internal panels. For the whole satellite 
modes, the vibration test data of six other satellites were used. Those satellites are in the 
range of 50cm/50kg class. The resonant frequencies and the amplification factors were 
identified between 20 and 2000Hz. In order to compute a normal tolerance limit, the 
author followed same methodology as the NASA standard. Before this the author also 
examined whether the tested data followed normal or lognormal distributions. The author 
deduced the vibration test level in the frequency range, 20-300Hz, 300-1000Hz and 
1000-2000Hz. Finally the results of three frequency ranges were merged and the unit QT 
level between 20 and 2000Hz has been derived. 
In the Chapter 3, the author has presented about extrapolation to other structures using 
finite element analysis. The purpose of this analysis was to extend and extrapolate the 
experimental results for other type of satellite structures by using FEA without laboratory 
testing. Three basic structure types of 50kg class satellites were modeled and analyzed 
such as Yojo-han, T-type and Pi-type structure. A random vibration analysis was carried 
out for the models. The solid model was created with a mesh size of 10 mm on the internal 
panels of the satellite structure while the PAF and Jig uses a mesh size of 20 mm.  
Chapter 4 compares the resonant frequency range and peak amplification factors applied to 
Simulated and Experimental data. The author made comparison between the experiment 
and analysis results of resonant frequencies and amplification in the range 20-300Hz at the 
certain positions of the satellites and models to check the validity of the dummy satellite’s 
analysis.  The comparison carried out shows excellent agreement for 20-100Hz of dummy 
satellite and good agreement 100-200Hz. Finally the unit QT level is derived. 
This research was concluded in Chapter 5. Based on the experiment and analysis results, 
the following major conclusions were drawn: 
1. The experimental and numerical analyses of this work have both indicated that there are 
several vibration modes for the satellites, mainly associated with the internal panel 
structure of the satellites. 
2. The Unit QT level derived from the experiment results is applicable, especially at lower 
frequency modes.  However, the FEA modal analysis may introduce errors if it is used to 
investigate vibration acceleration response and resonant frequencies associated with local 
vibration modes beyond 200Hz. 
3. Based on the agreement between the analysis and the experiment, the unit QT level for 
the minimum assurance against random vibration was proposed. As the proposed random 
vibration amplification factor at frequencies is close to unity at frequencies higher than 
200 Hz. 
   




























































身に付けていると判断した。   
 以上により、論文調査及び最終試験の結果に基づき、審査委員会において慎重に審査  
した結果、本論文が、博士（工学）の学位に十分値するものであると判断した。 
 
